Background To examine levels of serum homocysteine (Hcy), vitamin B12 and folic acid in patients with pseudoexfoliation glaucoma (PEXG), primary open-angle glaucoma (POAG), and healthy control subjects. Methods This study included 36 patients with PEXG, 40 with POAG, and 40 age-matched healthy subjects. Fasting plasma Hcy concentrations and levels of serum vitamin B12 and folic acid were measured using competitive chemiluminescent enzyme immunoassay; values exceeding 14 μm/l were considered elevated. Results Mean plasma Hcy was significantly higher in PEXG (16.55±7.23 μm/l) compared with POAG (13.91±3.61 μm/l) and controls (13.12±5.13 μm/l) (p=0.03 and p=0.0007 respectively).
Introduction
Pseudoexfoliation syndrome (PEX) is an age-related, generalized disorder of the extracellular matrix characterized by the multifocal production and progressive accumulation of a fibrillar extracellular material in intra-and extraocular tissue, which is the result of either an excessive production or insufficient breakdown or both [1] .
Active involvement of the trabecular meshwork in this matrix process may lead to glaucoma development in about half of patients with PEX [2] , but the exact mechanisms underlying the development of PEX and the subsequent progression to PEX glaucoma (PEXG) remain unknown [3] .
Although a cause-and-effect relationship of PEXG and other systemic diseases has not been established, increasing evidence suggests that PEX is associated with cardiovascular and cerebrovascular diseases [4] .
Whereas intraocular pressure is assumed to be the most important risk factor for glaucoma, there is accumulating evidence that vascular risk factors may also play a role [5, 6] ; factors that lead to vascular dysregulation may contrib-ute to the pathogenic process [7] , so impaired microcirculation and abnormal perfusion may cause optic nerve head ischemia [8] .
The association between primary open-angle glaucoma (POAG) and cardiovascular disease [7] has recently stimulated interest in the role of homocysteine (Hcy) in the pathogenesis of glaucoma [9] .
Hcy, a sulphur-containing amino acid synthesized during the metabolism of methionine, is a well-known independent risk factor for vascular diseases, and may contribute to ischemic alterations and oxidative stress [6] . Vitamin B12 and folic acid, which are required as co-factors in the Hcy metabolism, are non-genetic determinants of the plasma Hcy level; an alteration in either of these co-factors might lead to elevated Hcy plasma levels [10] .
PEX and hyper-Hcy share common associations with various disorders.
In the Blue Mountains Eye Study, PEX is correlated positively with a history of hypertension, angina, myocardial infarction, or stroke, suggestive of vascular effects of the disease [11] .
Mild hyper-Hcy is an independent risk factor for premature vascular disease, myocardial infarction, and stroke [12, 13] , and may increase the risk of retinal vascular disease, such as retinal artery and vein occlusion [14] and nonarteritic anterior ischemic optic neuropathy [15] .
The role of Hcy has been investigated in context with PEXG and POAG; most studies on PEXG have found an association with Hcy [16-19, 23, 25-27] despite some conflicting reports present in the literature [28] , while only a few studies have confirmed the association in POAG patients [9, 19, 20] .
The purpose of the present study was to examine levels of serum Hcy, vitamin B12 and folic acid in patients with PEXG, POAG, and healthy control subjects.
Methods
A total of 116 subjects participated in this study, including 36 with PEXG, 40 with POAG, and 40 control subjects.
All patients were enrolled between November 2008 and March 2009, and were seen at the Department of Ophthalmology of Tor Vergata, University of Rome.
The study was conducted in accordance with the Declaration of Helsinki, and informed consent was obtained from all subjects.
Subjects were included if they had features of PEXG or POAG in one or both eyes.
PEXG was defined as the occurrence of typical exfoliation material on the anterior lens capsule in the presence of characteristic glaucomatous optic disc damage (presence of neuroretinal rim thinning, excavation, notching, or characteristic retinal nerve fiber layer defects), repeatable glaucomatous visual field defects on standard automated perimetry (Swedish Interactive Threshold Algorithm [SITA] strategy, program 24-2, Humphrey Field Analyzer), or both.
Subjects with POAG were those in the presence of glaucomatous optic disc damage and field changes as defined above with an IOP >21 mm Hg at the time of diagnosis without other contributing pathology.
Glaucomatous visual field loss was defined as two consecutive reliable visual fields with the glaucoma hemifield test result outside normal limits, mean deviation (MD) and pattern standard deviation (PSD) outside 95% confidence limits, and a cluster of at least 3 points with p<0.05 in the pattern standard deviation plot, one of each with p< 0.01 affecting the same hemifield; the cluster could not be contiguous with the blind spot, and could not cross the horizontal midline.
Control subjects had no history of elevated IOP, normal optic disc and visual fields, and no exfoliation material on the anterior lens capsule. These were spouses of patients with exfoliation or open-angle glaucoma.
Each control subject underwent a complete ophthalmological phenotypization; if a potential control had either IOP >21 mm Hg, optic disc suspicious for glaucoma, or typical pseudoexfoliative material on the lens or anterior chamber, he or she was not recruited into the study, and was advised to seek further medical advice.
Common exclusion criteria were any history of ocular diseases (chronic or recurrent inflammatory eye disease, ocular trauma, ocular infection, severe retinal disease, corneal abnormality preventing reliable applanation tonometry), intraocular surgery within the past 12 months, or laser surgery within the past 3 months. Hcy may be influenced by many environmental factors including intercurrent disease and use of certain medications [21] , so we excluded patients with medical history of disorders associated with increased Hcy levels such as thromboembolic, renal, hepatic, gastrointestinal, or neurologic diseases, and diabetes mellitus.
A detailed medical history was obtained from all enrolled subjects to determine those with known or suspected diabetes mellitus, systemic hypertension, peripheral or coronary disease, cerebrovascular disease, and other current drug therapy.
All patients underwent a complete eye examination, including best-corrected visual acuity (logMAR chart), Humphrey Field Analyser perimetry (24-2 SS), slit-lamp examination of the anterior segment, gonioscopic evaluation of the anterior chamber angle, pachymetry, IOP measurement by Goldmann applanation tonometry, and fundoscopy.
Subjects fulfilling eligibility criteria underwent a blood test for Hcy, vitamin B12, and folic acid.
Two blood samples were collected from all participants; one was placed immediately on ice for the Hcy assay. After transportation to the laboratory, both samples were promptly centrifuged (3000 rpm, 5 min) within 1 hr after collection, and the obtained serum was stored at −80°C. Biochemical analysis was performed after completion of the collection process.
Fasting plasma Hcy concentrations and levels of serum vitamin B12 and folic acid were measured using competitive chemiluminescent enzyme immunoassay (ADVIA Centaur, Switzerland) [22] .
For these assays, the normal serum values of Hcy are 3.7-14 μm/l, and of vitamin B12 and folic acid are, respectively, 211-911 pg/ml and 2-9 ng/ml, according to manufacturer's instructions [22] .
Hyper-Hcy was defined as total plasma Hcy level≥14 μm/l.
Statistical analysis
Mean ± standard deviation was used to describe continuous data.
Analysis of variance (ANOVA) was used to detect differences in continuous variables (Hcy, vitamin B12 and folic acid) among the three study groups; Student Newman-Keuls test post-hoc analysis was used. The relationship between Hcy levels and folic acid/vitaminB12 levels was explored by linear regression analysis. A p value<0.05 was accepted as significant for all statistical tests. Statistical analyses were performed by JMP ® software (Version 7., SAS Institute Inc., Cary, NC, USA).
Results
Thirty-six patients with PEXG, 40 with POAG, and 40 agematched healthy subjects were included in this study. Baseline characteristics of study subjects are shown in Table 1 .
Mean ± standard deviation (SD) of Hcy levels in PEXG was 16.55±7.23 μm/l. Mean±SD of Hcy levels in POAG and controls were 13.91±3.61 and 13.12±5.13 μm/l, respectively. Hcy levels were higher in PEXG than in the controls and the POAG group (p=0.0007 and p=0.03 respectively, Fig. 1) .
The mean Hcy concentrations in the POAG and control groups were not significantly different (p=0.56).
Mean ± SD of vitamin B12 levels in PEXG, POAG and control subjects were 434.55±141.46, 444.90 ±167.17, and 397.15±118.68 pg/ml respectively (Fig. 2) .There was no significant difference in serum vitamin B12 levels between PEXG and POAG (p=0.74), PEXG and controls (p=0.25), or POAG and controls (p=0.15).
Mean ± SD of folic acid levels in PEXG, POAG and control subjects were 6.56±3.19, 6.99±3.42, and 7.44± 3.86 ng/ml respectively (Fig. 3) .There was no significant difference in serum folic acid levels between PEXG and POAG (p=0.62), PEXG and controls (p=0.33), or POAG and controls (p=0.61).
A moderate, although statistically significant, relationship between Hcy and folic acid levels was found in the PEXG group (R 2 =0.23, p=0.003). Hcy levels were found not to be related with folic acid or vitamin B12 in either POAG or control subjects (R 2 <0.07, p >0.09)
Discussion
In this study, plasma Hcy was significantly higher in the PEXG group than in the POAG and the control groups. We observed that serum Hcy level in patients with POAG did not statistically differ from that of the control group. The vitamin B12/ folate status was also investigated, and showed no significant differences among the PEXG, POAG and control groups. Nevertheless, a moderate inverse relationship was detected between folic acid levels and Hcy in the PEXG group.
It is interesting that although folic acid and vitamin B12 levels were not statistically different among the three groups, PEXG and POAG presented similar folic acid and vitamin B12 levels, while control subjects were found to have somewhat lower vitamin B12 and higher folic acid levels.
PEXG (n=36)
POAG (n=40 The effects of environmental factors, such as vitamin status, on plasma Hcy levels are complex. Whilst vitamin B12 deficiency remains the single most important environmental determinant of elevated plasma Hcy, the effects of small fluctuations in B group vitamins and folate appear minor [21] . This is highlighted by our own data, which shows significantly different mean plasma Hcy levels in PEXG patients and POAG patients, despite comparable levels of folate and vitamin B12. Similarly, POAG patients and control patients had similar mean plasma Hcy levels, despite the latter group having lower vitamin B12 and higher folate measurements. In fact, the only significant correlation identified between vitamin status and plasma Hcy was the effect of folate in the PEXG. Interestingly, Cumurcu et al. [23] similarly reported a reduced folate level in patients with PEXG and elevated Hcy compared with POAG and control. This raises the possibility that folate metabolism and/or its effect on plasma Hcy is altered in PEXG patients. This warrants further investigation. The results about plasma Hcy level in different type of glaucoma are conflicting, and differ greatly between various studies.
Different characteristics of the included populations such as age, ethnicity, severity of glaucoma, nutritional status, and presence of associated illnesses may account for the conflicting results. Also, different methodologies [24] used to assess plasma Hcy levels may explain at least part of the different results and differences in study design, such as prospective vs retrospective, inclusion and exclusion criteria, number of subjects enrolled.
An elevated plasma Hcy level may occur as the result of inherited disorders of the enzymes of its metabolism [24] , but also by other conditions such as age, gender, renal failure, and medications. In the current study, an attempt was made to exclude possible confounding factors by selecting patients and controls without the above-mentioned conditions.
The mean Hcy level for subjects included in the present analysis was different than those reported in previous studies evaluating Hcy as a risk factor for glaucoma [9, 16-20, 23, 24, 26-28] ; the presence of a large number of factors influencing plasma levels of Hcy makes the comparisons among different studies difficult.
The findings of this study confirm that PEXG is associated with elevated plasma Hcy levels [16-19, 23, 25-27] .
A small number of studies have investigated the relationship between Hcy and POAG with different and inconsistent results. We found that serum Hcy level in patients with POAG did not statistically differ from the control group, and this finding is in agreement with previous published works [26, 27] .
In contrast, a number of studies have reported elevated plasma Hcy in patients with POAG [9, 19, 20] . In one [9] , thermolabile methylenetetrahydrofolate reductase deficiency was thought to be causal, whereas another study [19] found no correlation. The latter study also reported elevated plasma Hcy in PEXG and normal tension glaucoma (NTG), but again found no association with methylenetetrahydrofolate reductase deficiency.
Although POAG is considered in part an ocular vascular disorder [7] , the present data suggest that there is no association between elevated plasma Hcy and POAG, so other factors should be sought to elucidate vascular effects in POAG. Further, prospective studies with higher numbers of subjects with POAG will be needed to highlight the conflicting results in the literature.
On the other hand, the results of this study lead one to hypothesize that hyper-Hcy might participate in the pathogenesis of PEX.
Increasing evidence suggests that PEX is associated with cardiovascular and cerebrovascular diseases [4] , while large epidemiologic studies have determined a relationship between plasma Hcy concentration and cardiovascular disease [21] .
The exact mechanism of action of Hcy remains to be elucidated; it induces apoptotic cell death of retinal ganglion cells [29] and also exerts gliotoxic effects, thus representing a hypothetical risk factor for glaucoma.
Furthermore, Hcy causes dysregulation of matrix metalloproteinases and their inhibitors [30] , which has been implicated in the pathogenesis of PEXG. This has led to the assumption that Hcy may also participate in the pathogenesis of PEXG.
In addition, PEX material contains elastin and fibrillin [3, 31] , whereas Hcy activates in vitro a serine elastase, and induces elastolysis of elastin and fibrillar collagen [32] .
However, the Hcy concentrations used in many of these experiments were in the pharmacologic range, and may not be relevant to the levels encountered in clinical practice.
The conflicting results of this and other studies pose considerable problems in terms of the significance of association between plasma Hcy and risk of glaucoma onset or progression, so they must, therefore, be interpreted with caution.
Hyper-Hcy may be an independent factor stressing vasculopathy in addition to PEX.
Hcy might be a modifiable factor for PEXG. Elevated plasma Hcy is readily reversible in most patients by taking vitamin preparations containing folic acid; a study demonstrated that dietary folic acid (0.5-5 mg/day) reduces basal Hcy levels by 25% [33] . The treatment is available, inexpensive and with a low side-effect profile; this approach should motivate further research to evaluate the benefits of routine measurement of Hcy in PEXG/PEX and the influence of hyper-Hcy treatment in the development or progression of PEX.
In conclusion, hyper-Hcy might play a role in the pathogenesis of PEXG; possible mechanisms are vascular endothelial dysfunction, elastinolysis, and dysregulation of matrix metalloproteinases and their inhibitors [10, 32] , but it is not clear whether elevated plasma Hcy contributes to disease development or progression.
Further large-scale studies are needed to demonstrate if Hcy measurement may be helpful to identify high-risk glaucoma populations and to have a real impact on the management of the disease.
